Abstract. Eco-innovation describes the creation of novel and competitively priced goods, processes, systems, services, policies, and procedures that satisfy human needs and improve the quality of life while ensuring sustainable development with minimal use of natural resources and minimal release of toxic substances. This article delves into one of the most pressing problems in improving the assessment of eco-innovative projects meant to effect sustainable development. The article also proposes new criteria for evaluating eco-innovation projects. The purpose is to develop and propose a graphic model by which to assess the innovativeness, competitiveness, and eco-efficiency of eco-innovation projects. In the development of this method, experts applied a methodological approach based on an assessment of the indicators of the innovativeness, competitiveness, and eco-efficiency of an eco-innovation project through the associated construction of a graphic model with indicators divided into nine sectors.
Introduction
In recent times, the intensity of digitalization and innovative activities has largely been reflected in the level of sustainable economic development. In the global competition context, this can be seen in those countries that provide favorable economic conditions and innovation-related benefits. The development of an innovative economy is an important prerequisite to increasing the competitiveness of a country.
It has been observed that developed countries located in the global north are consistently striving to develop technological leadership and increase the efficiency of their innovation systems. This is effectively considered to be the amount spent on the scientific research and development (popularly known as R&D) as the percentage of the gross domestic product (GDP) of a country. Here, the performance of several countries was observed, and according to WIPO (2018) , Israel took first place, spending 4.3% of its GDP on R&D, followed by the Republic of Korea with 4.2%. Switzerland received a conditional "bronze" at 3.4%; Sweden and Japan took the fourth and fifth positions with indicators of 3.3% and 3.1%, respectively.
From the experience of these countries, it can be safely concluded that a national innovation system is certain to be effective and sustainable if the countries allocate enough resources, modernizing services, and manufacturing sectors and other sub-sectors of the economy and develop a positive perception of innovation among their populaces. Considering their indispensability, these innovative developments are increasingly becoming the object of close attention at not only the government level but also the regional and individual economic entity levels.
Currently, many enterprises use traditional project analysis methods based on the criterion of net present value (NPV) (Žižlavský, 2014) by discounting future cash flows with regard to the current point in time (Bente Villadsen, 2017) . This traditional method is usually designed for repetitive activities that are already backed by experience, accumulated expertise, and historical data to justify estimates.
The problem government agencies, investors, and analysts attempting to assess the potential of an eco-innovative project face lies in the specifics of such projects, which are unique and usually uncertain in terms of future results. In addition, these eco-innovative projects also have a long horizon of investment. These features can cause traditional methods of evaluating projects' effectiveness to produce unreliable results largely because ecoinnovative projects do not fulfill the basic prerequisites of these traditional methods. Thus, government agencies, investors, and shareholders in innovation have a keen interest in having more modern, reliable, and appropriate tools for evaluating eco-innovative projects in developed, emerging, and developing countries.
Eco-innovation refers to the creation of novel and competitively priced goods, processes, systems, services, and procedures that can satisfy human needs and improve the quality of life with a life-cycle-wide minimal use of natural resources (material including energy carriers and surface area) per unit output and a minimal release of toxic substances (quoted in Reid and Miedzinski, 2008) . According to most definitions, eco-innovation reduces the environmental effects of consumption and production activities, regardless of whether doing so is the main motivation. Taking many forms, eco-innovation varies from incremental eco-efficiency improvements to fundamental change that replaces a system (Carrillo-Hermosilla et al., 2010; Tvaronavičienė, 2018; Eddelani et al., 2019; Bohdaniuk et al., 2019; Adamczyk et al., 2019; Atari et al. 2019) .
With regard to the latter, the European Commission has promoted an integrated product policy aiming to support the realization of environmental product innovations that broadly reduce all environmental effects throughout a product's life cycle. This has been conceptualized as "integrated environmental product innovation" (Triebswetter and Wackerbauer, 2008) . Innovation has several roles in resource efficiency.
The disconnect between the real conditions of eco-innovative project development and the methods of analysis reveals the importance of developing a graphic model for assessing the innovativeness, competitiveness, and ecoeffectiveness of eco-innovative projects to allow for a comprehensive assessment of a project's absolute positioning. ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 6 Number 4 (June) http://doi.org/10. 9770/jesi.2019.6.4(41) To date, the issues relating to evaluating the effectiveness of eco-innovative projects seem to be sufficiently developed. Evidence suggests that specialists have been devoting extensive work to this issue. For example, Jeng and Huang (2015) proposed a hybrid multiple-criteria decision-making (MCDM) method comprising the master data management (MDM) method, the decision-making trial and evaluation laboratory (DEMATEL) method, and the analytic network process (ANP) approach. Multiple-criteria sorting methods based on data coverage analysis (DEA) have been developed to evaluate research and development (R&D) projects, as reviewed by Karasakal and Aker (2017) . Dutra, Ribeiro, and de Carvalho (2014) considered issues relating to the use of the economicprobabilistic model for selecting projects and determining priorities. Their model enables the quantification of the necessary investments, potential benefits, and their inherent variability, thus providing a stochastic analysis of expected returns for projects. Similarly, Padhy and Sahu (2011) proposed a two-stage methodology based on analyzing realistic options for assessing the value of a project to increase management flexibility and a linear programming model with zero integer one to select and plan an optimal project portfolio based on the organization's goals and constraints. In some research publications (e.g., Huang et al., 2016) , new models of mean variance and mean variability that consider the relationships and the temporal sequence between projects have been proposed. Likewise, Abdrakhmanova et al. (2018) noted the need to organize a phase-control system of knowledge intensity according to set quantitative and qualitative criteria in order to achieve knowledge-based results (products, technology, etc.) in innovation project implementation. Zhao, Yang, Zhao, and Zhao (2017) reviewed the influences of ecological programs in land cover change by evaluating a transition matrix and a modified land cover change dynamic model at the village level. According to Leach et al. (2018) , long-term environmental research projects are a key factor in the functioning and dynamics of populations, communities, and ecosystems. Cluzel, Yannou, Millet, and Leroy (2016) adapted an eco-innovation process based on the ecodesign strategy wheel, which is proposed for use with a working group of internal technical experts.
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Nevertheless, the continuous expansion of the role knowledge plays in ensuring the effective functioning of innovative economic systems and the low rates of commercialization of R&D results in scientific, technical and manufacturing spheres requires a logical continuation of research in this direction. Therefore, it is necessary to clarify the specifics of innovative projects and develop a methodology for evaluating such projects and a means of information support for the evaluation process.
Against this backdrop, the purpose of this article is to develop a graphic model to assess the innovativeness, competitiveness, and eco-efficiency of eco-innovation projects. In the development of this method, a methodological approach was applied based on an assessment of the indicators of innovativeness, competitiveness, and eco-efficiency of eco-innovation projects.
Next, we provide the theoretical framework, followed by the results and conclusion.
Theoretical framework
Currently, the assessment of the environmental performance of a project is considered the most difficult aspect Shvetsova et al., 2018) . A project's compliance with environmental requirements as well as its innovativeness and competitiveness can only be determined if the method of its assessment considers several factors, including the following: The evaluation process accompanies each stage of the project cycle. The assessment results at every stage are presented to the investor, followed by a joint discussion of the environmental problems and the development of common approaches to solve the problems. The results of the assessment should be enough to determine the launch of the project. Scarpellini, Valero-Gil, and Portillo-Tarragona (2016) noted that eco-innovation provides motivation for the move towards sustainable development. However, in many European Union member countries, eco-innovation projects are not particularly common due to significant barriers and a general lack of culture of incorporating ecoinnovation into organizational strategy in both government and corporate entities. Against the backdrop of this scenario, an analysis of the determinants of eco-innovation projects offers a new strategic approach to sustainable innovation initiative management. Important areas of evaluation are the innovativeness, competitiveness, and environmental attractiveness of the project. The most important criteria, which affect the associated project decisions, are elimination, prevention, reduction of environmental impact, and recycling of production and consumption byproducts (Table 1) . Production risks associated with the organization of production, including a lack of the necessary raw material base and the identification of environmental problems
Evaluation of the project's business model 3.2
The validity of the economic indicators presented, including reasonable cost and sales prices of the proposed product / service 3.3
The reasonableness of attracting the estimated number of team members 3.4
Availability of raw materials, materials, etc. ISSN 2345-0282 (online) 
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Graphic model for evaluating the innovativeness and competitiveness of innovative projects
From the perspective of the market, innovative projects involve three interacting segments: science, business, and nature:
( 1) where is the indicator of innovativeness, is the indicator of competitiveness, and is the indicator of ecoefficiency.
As shown in Figure 1 , the evaluation of an innovation project through a graphic model to assess the innovativeness and competitiveness of a project occurs in three stages:
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ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 6 Number 4 (June) http://doi.org/10. 9770/jesi.2019.6.4(41) 2141 Fig. 1 . The stages of evaluating innovativeness, competitiveness and eco-efficiency of an eco-innovative project Source: modified by authors from Mutanov, 2015 These values are determined by calculating the average values of expert estimates of each criterion. Possible criteria are presented in Table 1 .
These values are determined by calculating the average values of expert estimates of each indicator, which, according to Mutanov (2015) , are determined by the following formulas:
, ,
where is the value of the -th criterion of the -th object (project) for the innovativeness indicator; is the weighting coefficient of the -th criterion for the innovativeness indicator; is the number of criteria for the innovativeness indicator; is the value of the -th criterion of the -th object (project) for the competitiveness indicator; is the weighting coefficient of the -th factor for the competitiveness indicator; is the number of criteria for the competitiveness indicator;
is the value of the -th criterion of the -th object (project) for the eco-efficiency indicator; is the weighting coefficient of the -th factor for the eco-efficiency indicator; is the number of criteria for the eco-efficiency indicator;
with being the number of objects (projects); and , , , , , are the minimum and maximum values of the innovativeness, competitiveness, and eco-efficiency indicators, respectively (Mutanov, 2015) .
Thus, it is necessary to determine the value of indicators and , provided that each criterion is assigned an expert weighting factor and a value between 1 and 9 (Table 2) .
ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 6 Number 4 (June) http://doi.org/10.9770/jesi.2019.6.4(41) In order to adequately assess the significance of each criterion when determining the overall indicator, it is more rational to use weights and to apply a ranking method of calculation.
According to Mutanov (2015) , ,
where is the sum of the ranks converted across all the experts for the -th factor, is the converted rank assigned by the -th expert to the -th factor, and is the number of experts.
Next, the weights of the various criteria are calculated, according to Mutanov (2015) : ,
where is the average weight of the criterion across all the experts; is the number of criteria.
An important component of the graphic model in assessing the innovativeness and competitiveness of a project is the judgment matrix, in which the values of the elements are not based on accurate measurements but rather on subjective judgments (these matrices are prepared by experts). The matrix of judgments is: ,
where is the number corresponding to the significance of the object (criteria and ).
The "quality" of the expert filling in the judgment matrix is determined through the consistency relationship ( ). Values of are considered acceptable. For judgment matrix , one must find the maximum eigenvalue and the vector of eigenvalues , i.e., it is necessary to solve the following equation:
.
The components of the vector are weight coefficients.
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The consistency of the expert estimates according to the criteria was verified by calculating the coefficients of the variation of the factors, which are analogues of the variance: ,
where is the factor variation coefficient; is the average value of the total number of ranks of the -th factor, as assigned by the th expert; is the number of experts; and is the number of criteria.
Since in our case experts are represented by various structures, it is necessary to control their homogeneity. To solve this problem, according to the estimates of various criteria received from experts, a concordance is defined: the consistency of their opinions. The coefficient of concordance was calculated using the formula Kendall proposed:
,
where is the sum of squared differences (deviations), is the number of experts, and is the number of criteria.
The significance of the coefficients was verified for a confidence level of 0.01 (99%) using the criterion, which minimizes the second kind of error (accepting the wrong hypothesis), at the significance level-the probability of rejecting a valid hypothesis (the first kind of error), and the number of degrees of freedom .
The value of the statistics can be calculated |via the formula:
where is the number of experts, is the number of degrees of freedom , and is the coefficient of concordance.
The next stage of selection is the positioning of innovative projects based on the resulting graphic model.
Research methodology
As this is a preliminary study, the aim of the literature analysis was to identify the main factors affecting environmental change and eco-innovation in the environmental sector for 110 years . In this paper, (computer) content analysis was used as an analytical method for a longitudinal and systematic study of secondary sources of information (Stone et al., 1966; Woodrum, 1984; Bringer et al., 2006) . More information about the method used in this article can be found in Montalvo, Diaz-Lopez, and Brandez (2011) .
This study uses a thematic approach to better understand the role of ISC in environmental building design projects. Ketokivi and Choi (2014) discuss three different methodological approaches to the study of specific cases: the creation of a theory, the verification of the theory, and theory development. Theory development is not aimed at creating new theories or testing existing theories. This approach can be used to introduce new concepts, study boundary conditions, or study relationships between concepts. Unlike theoretical testing studies, this study ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 6 Number 4 (June) http://doi.org/10. 9770/jesi.2019.6.4(41) did not expect empirical results from a priori formulations of judgments (see Ketokivi and Choi, 2014) . Therefore, the design of the study is in better agreement with the inductive than with the deductive approach. This study aims to develop a theory by analyzing empirical data collected using a multiple case study approach (Yin et al., 2014) . Although multiple cases are used, the goal is not to compare individual cases. These cases are used to explore and describe the role of ISC in projects. The study was conducted on the basis of expert assessments and investigated two projects implemented in Kazakhstan by time experts. The experts assessed a total of 40 indicators, each of which received a score ranging from 1 to 9 points, in three criteria categories.
Results
As an example, two projects that experts evaluated according to the criteria of innovation, competitiveness, and eco-efficiency were examined. The averages of each expert estimate of the indicators of innovation, competitiveness, and eco-efficiency are presented in Tables 3, 4 , and 5. The experts assessed the significance of the parameters by assigning them a rank number. The factor to which the expert gave the highest score was assigned rank 1. If the expert recognized several factors as equivalent, they were assigned the same rank number. Based on the data obtained from the questionnaire survey, a summary matrix of ranks was compiled. Since there are related ranks in the matrix (the same rank number) in the assessments of the first expert and since there are also related ranks in the assessments of the second and third experts, we will reform them. The reformation of ranks must be carried out without changing the experts' opinions; that is, the corresponding ratios between the ranking numbers must be preserved (more, less, or equal). Putting a rank above 1 or below the number of parameters is also not recommended. The correctness of the matrix on the basis of the checksum calculation is then verified:
The sums of the columns of the matrix are equal to both each other and the checksum, which means that the matrix is composed correctly.
The assessment of the average degree of consistency of the opinions of all the experts is determined by the coefficient of concordance in the instance of related ranks (the same values of ranks in the assessments of one expert): ,
where = 1221, n = 13, m = 3 (Project №1); = 1161.5, n = 13, m = 3 (Project №2) = 645.5, n = 10, m = 3 (Project №1); = 506, n = 13, m = 3 (Project №2) = 3361.5, n = 17, m = 3 (Project №1); = 3434.5, n = 17, m = 3 (Project №2) ,
where is the number of bundles (types of repeating elements) in the estimates of the -th expert and is the number of elements in the -th bundle for the -th expert (the number of repeating elements). Based on the sum of the ranks (table), we can calculate the weights of the parameters considered. We transform the survey matrix into a matrix of transformed ranks using the formula ; ; , where = 7 (Project 1); = 9 (Project 2); = 8 (Project 1); = 9 (Project 2); = 8 (Project 1); = 9 (Project 2). ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 6 Number 4 (June) http://doi.org/10. 9770/jesi.2019.6.4(41) 2152 
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Conclusion
The article investigated the fundamental work of eminent scientists (López and Montalvo, 2015; Levidow et al., 2016; Lambrechts et al., 2019) regarding the methodology and methods used to evaluate innovative and ecoinnovative projects and described the shortcomings of the existing guidelines in the literature and applied by the industry. The article presents a method by which to assess the feasibility and economic and environmental performance of eco-innovative projects. This model facilitates a comprehensive project assessment based on absolute positioning. The requirements for the assessment and the selection models of eco-innovation projects and the tasks in the field of their modernization are formulated in order to adapt to the world and modern economic relations. For example, they consider the following:
 The need to build a hierarchical system of indicators corresponding to the levels of eco-innovation project management  The need to consider the various contributions of indicators of different hierarchical levels (qualitative and quantitative) to the total integrated indicator of an eco-innovation project  The impossibility of making an unambiguous assignment of a number of indicators to a particular class Taking into account the stated requirements, the methodological guidelines have been developed to solve the problems associated with evaluating the effectiveness of investing in eco-innovative projects during competitive selection.
An appropriate decision-support system provides a program-target approach using comprehensive experience in assessing eco-innovation projects in terms of such parameters as innovation, competitiveness, and eco-efficiency. This decision-support system is designed for use by the expert commissions responsible for venture capital funds, development institutions, and other potential investors who need to select appropriate eco-innovation projects.
Competition among companies in a market economy generally takes the form of project competition, and the ability of a company to compete directly in a specific project market depends on the competitiveness of its project innovation. Modeling methods are based on the judgment that an assessment of the competitiveness of an economic entity can be made by assessing the competitiveness of its eco-projects: the greater the competitiveness of such projects, the greater the competitiveness of the enterprise. Various methods can be used to find this ratio. A brief description of the most common is given below:
 The undoubted advantages of this approach include the fact that it considers one of the most important components of an enterprise's competitiveness: the competitiveness of its eco-innovative projects. Indeed, it is difficult to imagine a successful enterprise that does not have a portfolio of competitive innovative projects.
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
A disadvantage is that the competitive strength of projects is still not identical to the sustainable competitive advantage of an enterprise since competitors quickly copy any price or quality advantages of innovative projects, and consequently their economic benefits rapidly disappear. Also, there are some complaints due to the reduction of project competitiveness according to the assessment of the pricequality ratio, which does not consider the degree of its innovativeness and which is of great importance in positioning the project in the market.
In addition, the application of the considered group of methods requires comparison to similar innovative projects. At the same time, the development of commodity-money relations leads to ever-more-aggravating differences in the economic conditions of enterprises, their ever-increasing diversification, and the ever-greater differentiation of projects and services. It is becoming increasingly difficult to determine the clear geographical boundaries of a particular market and to establish a list of competing projects, leading to the low applicability of such methods for assessing an enterprise's competitiveness.
However, the main disadvantage of this approach is that it only allows one to gain a very limited understanding of the advantages and disadvantages of the enterprise since the measure of its competitiveness hinges on the competitiveness of innovative projects and thus does not consider other aspects of its activities. After all, the competitiveness of such projects reflects the level of demand for innovation, and the competitiveness of an enterprise reflects the level of business efficiency.
